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Abstract 

Cancer is still the number two cause of death in highly 
developed countries. Due to increased life expectancy, 
the number of cancer cases has also increased, and it is 
not likely that the incidence of this often fatal illness will 
decrease in the near future. Sreast cancer, for instance, 
strikes 1 of 8 women in the industrialized world. Inci- 
dence of lung cancer increases due to smoking, while 
that of colon cancer increases with age. These are only a 
few examples highlighting the growing importance of 
strategies effective for cancer treatment. Despite surgical 
treatment and irradiation, chemotherapy remains one of 
the important means to treat cancer. Although many 
institutions and companies have tried to establish new 
treatment strategies such as immunotherapy or vaccina- 
tion, the conventional chemotherapy still remains an 
important treatment option. In this review, we present an 
overview of new and innovative treatment strategies for 
cancer chemotherapy. A number of new targets as well 
as anticancer compounds are introduced and though we 
are well aware of the fact that the list is incomplete, we 
hope to be able to provide insight into this rapidly devel- 
oping field. 

' ~~ Copyright © 2002 S. KargerAG, Sasei 



Introduction 

Despite the use of surgical treatment and irradiation, 
chemotherapy still remains an important option for the 
treatment of various malignancies. The most important 
obstacle for the successful chemoiherapeutic treatment 
remains the identification of a suitable target molecule or 
enzyme. The chemotherapeutic drug should preferen- 
tially target tumor cells without harming normal cells or 
tissues. Unfortunately, in most cases, chemotherapy re- 
mains a treatment modality with severe side effects due to 
the toxicity of the drugs. Bone marrow depletion and toxic 
effects on rapidly proliferating cells such as intestinal cells 
can cause life-threatening infections and side effects, 
which seriously limit the quality of life of the patient. 
Therefore the ideal goal of an effective chemotherapy is to 
identify targets and molecules that specifically attack 
tumor cells and cause only minor harm to healthy organs 
and cells. 

Various researchers have committed themselves to this 
task. Many biochemical pathways have been investigated 
to find significant differences between tumor cells and 
normal healthy cells in order to identify suitable targets 
for anticancer therapy. An overview of potential targets 
that are overexpressed in a transformation- and prolifera- 
tion-linked manner are known. Therefore, in this review, 
we focus on a number of selected targets and their inhibi- 
tors, such as DNA methylation, caspases, protein kinase 
or ribonucleotide reductase. These targets can be modu- 
lated by drugs which are widely used in cancer chemother- 
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apy as well as antiviral chemotherapy. In addition, several 
newer compounds are being synthesized, all targeting 
enzymes or pathways that are overexpressed in tumor 
cells and have only limited importance in resting nontu- 
morous tissue. Therefore, inhibiting these enzymes or 
pathways might cause malignant cells to undergo apopto- 
sis or necrosis with relatively limited side effects. 

DNA MethySation 

Szyf [1] pointed out that understanding new gene 
expression programs permits pharmacological interven- 
tion, as processes controlling genetic programs can be- 
come new drug targets. DNA methylation, for instance, 
plays an important role in the control of genetic expres- 
sion; therefore, alteration of their function might result in 
therapeutic effects [1 J. 

Indeed, DNA methylation is an important mechanism 
of DNA modification resulting in altered gene expression 
as described by Karpf ct al. [2]. Essentially, inhibition of 
tumor suppressor genes by DNA methylation was de- 
scribed in cancer cell lines and in human tumors. There- 
fore, the enzyme DNA methyltransferase has become an 
important drug target. 5-Aza~2'-deoxycytidine [5-aza- 
CdR (decitabine)], a potent inhibitor of DNA methyl- 
transferase, is a drug now in clinical trials for the treat- 
ment of solid tumors and leukemia. The efficacy of 5-aza- 
CdR may be related to genomic hypomethylation, and/or 
enzyme-DNA adduct formation. 5-Aza-CdR treatment 
activates the tumor suppressor p53. Karpf et al. [2] 
showed that colon tumor cell lines expressing wild-type 
p53 are more sensitive to 5-aza-CdR. This treatment 
includes the induction and activation of wild-type but not 
mutant p53 protein. The induction of p53 protein after 
5-aza-CdR treatment did not correlate with an increase in 
p53 transcripts. This indicates that hypomethylation at 
the p53 promoter does not account for the p53 response. 
5-Aza-CdR has shown promising results in clinical trials 
for the treatment of chronic myelogenous leukemia [2]. A 
recent study reveals that the pattern of CpG island meth- 
ylation is characteristic of tumor type, suggesting that dis- 
tinct sets of genes are inactivated by methylation during 
development of each tumor type. Several loci were in fact 
identified as being frequently methylated in liver tumors 
[3]. For example treatment of tumor cell lines with 5-aza- 
CdR was reported to result in an expression of mil 1 gene, 
indicating that the repression of mil 1 is connected to 
methylation. Mlt 1 is a target gene that is silenced by 
methylation in liver tumors. 



Recently Yang et al. [4] have demonstrated that DNA 
methylation and transcriptionally inactive chromatin are 
related. Because the absence of estrogen receptor alpha 
(ERalpha) gene expression has been associated with aber- 
rant methylation of its CpG island in breast cancers, Yang 
et al. [4] investigated whether histone deacetylase activity 

• 

contributes to the transcriptional inactivation of the 
methylated ER gene. This was tested in various ER-nega- 
tive human breast cancer cells. Treatment of these cells 
with trichostatin A, a specific histone deacetylase inhibi- 
tor, led to dose- and time-dependent reexpression of ER 
mRNA as detected by reverse transcription-PCR without 
alteration in ERalpha CpG island methylation. Trichosta- 
tin A-induced expression was associated with increased 
sensitivity to DNAse I at the ER locus in MDA-MB-231 
cells. These data indicate that inactive chromatin, which 
is mediated by histone deacetylation, is a critical compo- 
nent of ER gene silencing in human breast cancer cells. 
Therefore, histone deacetylation represents a target for 
treatment of certain ER-negative breast cancers [4]. 



Caspade Proteinases - Caspases 

Many reports have been published clarifying the role 
and effects of caspases in tumor cells [5-11]. In this 
review, we include a few examples to illustrate their thera- 
peutic potential, which is directly related to apoptotic 
death event in malignant cells. Some caspasc inhibitors 
have already been tested in various cell lines [5]. The cas- 
pase inhibitor z-VAD.fmk, for instance, provides protec- 
tion against apoptosis mediated by some specific peptides 
by blocking the dimerization through which Bcl-2 would 
normally inhibit apoptosis which opens other apoptotic 
pathways. 

Kim ct al. [6] investigated transforming growth factor- 
Pi (TGF-P0, a growth inhibitor, for its apoptotic effect. 
They showed that the mechanism of TGF-Pi -induced 
apoptosis in SNU-1 6 human gastric cancer cells was relat- 
ed to their initial arrest at the Gj phase accompanied by 
the caspase-3 activation. Consequently, cells proceeded 
into apoptosis [6]. These results suggest that activation of 
caspase-3 by TGF-pi may initiate the conversion from Gi 
cell cycle arrest to apoptosis via the cleavage of p2i. p27 
and Rb, which in turn causes Cdk2 activation. Cdk2 acti- 
vation itself is a downstream effector of caspasc and is a 
critical step for the execuiion of TGF-(J 3 -induced apopto- 
sis [6]. 

Cellular sensitivity to therapeutics cannot, be readily 

■ 

enhanced by aiming for just one target in the apoptotic 
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pathway as other cell elements might carry on the func- 
tions of a former target [7]. In addition, even elimination 
of a whole pathway may have little effect on sensitivity 
because cellular viability is protected by so many different 
mechanisms. Nevertheless, where molecular changes 
have a phenotypic consequence, development of novel 
therapeutic strategies might be possible. One example is a 
recently identified organic compound that can inhibit p53 
function and thus protect normal tissues against radia- 
tion-induced apoptosis. 

Novel cyclic hydroxamic acid derivatives have demon- 
strated varying degrees of inhibitory effects on the arachi- 
donate 12-lipoxygenase. Therefore, their effect against 
human prostate cancer cells has been studied, confirming 
the apoptotic effect of caspases by the activation of cas- 
pase-3 from procaspase-3 by caspase-9 [8]. The data pre- 
sented in Li et al. [9] suggest that these novel cyclic 
hydroxamic acid derivatives inducing apoptosis may find 
potential clinical applications in cancer chemotherapy. 

It is known that treatment of HL-60 human leukemia 
cells with etoposide induces apoptotic cell death. In a 
study by Martins et al. [10] simultaneous activation of at 
least 18 eleetrophoretically distinct cysteine-dependent 
aspartate-directed protease (caspase) isoforms were de- 
tected. They investigated whether activated caspases are 
phosphorylated, as phosphorylation of active caspases 
could have an inhibitory effect on enzyme activity, and 
reported that as caspases are phosphoproteins, ihey may 
serve as possible targets for protein kinases that are 
involved in apoptotic events [10]. 

Tse and Rabitts [11] have reported on the use of intra- 
cellular antibodies for cancer therapy via apoptotic cell 
death. Apparently apoptosis is triggered by specific anti- 
body-antigen interaction by intracellular antibodies 
linked to caspase-3, which induces cell killing. They found 
in vivo coexpression of an antibody-caspase-3 fusion with 
its antigenic target, induced apoptsis specific for anti- 
body-antigen, and active caspase-3. Moreover, the anti- 
body-caspasc-3 fusion protein was not toxic to cells in the 
absence of antigen. Therefore, they concluded that intra- 
cellular antibody-mediated apoptosis should be useful as 
a specific therapeutic approach for the treatment of can- 
cers [11]. 

Various Protein Kinases 

Protein kinases play a crucial role in signal transduc- 
tion as well as in cellular proliferation, differentiation, 
and various regulatory mechanisms. Therefore, the inhi- 



bition of growth-related kinases, especially tyrosine ki- 
nases, might provide new therapies for diseases such as 
cancer. For example, recent evidence suggests that the 
enzyme serine/threonine kinase is involved in the diver- 
gent cellular responses of some cell lines [12]. The pro- 
gress made in the crystallization of protein kinases has 
confirmed that the ATP-binding domain of tyrosine ki- 
nases is an attractive target for drug design. One example 
of drug design using a tyrosine kinase as target is a pyrrol 
(2, 3~d)pyrimidine derivative, which acts as a dual inhibi- 
tor of both the epidermal growth factor receptor (EGFR) 
and the ErbB2 kinases. The compound underwent clinical 
trials in 1999, based on its favorable preclinical profile: 
potent inhibition of epidermal growth factor (EGF)- 
mediated signaling in cells, in vivo antitumor activity in 
several EGFR overexpressing xenograft tumor models in 
nude mice, long-lasting inhibition of EGF-stimulated 
EGFR autophosphorylation in tumor tissue, good oral 
bioavailability in animals, and no prohibitive in vitro and 
in vivo toxicity findings [13]. The anilinophthalazinc 
derivative PTK787/ZK222584 is a potent and selective 
inhibitor of both KDR and Fit- ! kinases with interesting 
antiangiogenic and pharmacokinetic properties. STI571, 
a phenylamino-pyrimidine derivative, is a potent inhibi- 
tor of the Abl tyrosine kinase, which is present in 95% of 
patients with chronic myelogenous leukemia (CML). The 
compound specifically inhibits proliferation of v-Abl- and 
Bcr-Abl-expressing cells (including cells from CML pa- 
tients) and shows antitumor activity as a single agent in 
animal models at well-tolerated doses. Pharmacologically 
relevant concentrations are achieved in the plasma of ani- 
mals (oral administration). Promising data from phase I 
and II clinical trials in CML patients (98% hematological 
response rate in phase I) support the fact thai STI571 
represents a new and successful treatment modality for 
CML. In addition, potent inhibition of the PDGFR and 
c-Kit tyrosine kinases also indicates its possible clinical 
use in solid tumors [ 1 4]. 

The group of kinases includes also extracellular signals 
known as growth factors, which control cell growth and 
differentiation. Growth factors are high-affinity ligands 
for transmembrane receptors belonging to the family of 
receptor tyrosine kinases (RTKs). Longati et al. [15] 
described the role of RTKs in human diseases, such as 
developmental disorders or cancer. Mutations involving 
the Ret receptor were found in patients suffering from 
multiple endorine neoplasia or familial thyroid carcino- 
mas. Mutations in the Kit receptor have been found to be 
connected to mastocytomas and gastrointestinal tumors. 
Germline and sporadic mutations of the Met receptor 
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have been described in kidney and hepatocellular carcino- 
mas. In addition overexpression of the HER-2/neu recep- 
tor in breast cancer has been associated with tumor pro- 
gression. HER2/neu is therefore considered to be a target 
for cancer chemotherapy [15]. 



iyietaHoprotemases 

The proteolytic processes are thought to be important 
in tumor invasion and metastasis, mainly by matrix me- 
talloproteinases (MMPs) and serine proteases. The differ- 
ential expressions of MMP-2 activation and production 
during the different stages of breast cancer progression are 
potential therapeutic targets for biological or gene therapy 
[16]. 

Treatment of ovarian cancer cells, NOM1, with fibro- 
nectin (FN) stimulates matrix metalloproteinases-9 
(MMP-9) secretion and thus activates the invasiveness of 
cells via the FAK/Ras signaling pathway. Traxler et al. 
[13] found that the downstream effector, which is critical 
for FN-dependent secretion of MMP-9, was inhibited and 
that treatment of cells with these inhibitors dramatically 
suppressed the secretion of MMP-9. Similarly, Pi -3 ki- 
nase inhibitors strongly suppressed the FN-dependent 
secretion of MMP-9. In contrast, a specific PKC inhibitor 
(GF109203X) showed no inhibitory effect on the FN- 
dependent MMP-9 secretion. Moreover, it was reported 
that both the MEK1 inhibitor and the P13-K inhibitor, 
but not the PKC inhibitor, strongly suppressed the inva- 
siveness of tumor cells. These results suggest that activa- 
tion of dual signaling pathways is required for the FN- 
dependent activation of MMP-9 secretion, indicating the 
importance of these signaling molecules as chemothera- 
peutic targets for cancer [1 3]. 



Topoisomerases 1 and §i 

Camptothecins are topoisomerase I inhibitors. Topo- 
isomerases play different roles during apoptosis when 
compared to cell cycle arrest events [17]. This behavior 
makes them interesting from the point of view of cancer 
chemotherapy. Because of the complexity of apoptotic 
pathways, the importance of multifactorial analyses for 
modulating/predicting the apoptotic response to chemo- 
therapy has to be considered. 

The topoisomerase inhibitors have become a part of 
second-line therapeutic regimens for small-cell lung can- 
cer (SCLC) and non-smail-cell lung cancer (NSCLC) [18]. 
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They are alternatives to several promising new agents like 
taxanes, mitotic spindie inhibitors or antimetabolites. 
Therefore, topoisomerases can serve as molecular targets 
for these new substances. Their design is based on the fact 
that topoisomerase T, an enzyme that is essential for DNA 
replication, is up-regulated in tumor cells. Inhibition of 
this enzyme by drugs such as topotecan and irinotecan 
leads to cell death, which is the basis for their anticancer 
activity. The process of DNA replication is halted by the 
covalent binding of the drug in a topoisomerase I drug/ 
DNA ternary reaction intermediate. The pharmacokinet- 
ics of the approved regimen (a 30-min infusion daily for 5 
days at 2 1-day intervals) is well defined and the antitumor 
activities of both the intravenous and oral formulation of 
topotecan have been extensively tested in clinical trials 
[18]. Topotecan is well tolerated and has demonstrated 
good efficacy in patients with relapsed SCLC when ad- 
ministered as monotherapy or in combination regimens. 
Preliminary trials also indicate that topotecan is well tol- 
erated and has activity in the first-line treatment of 
NSCLC. It also became the first topoisomerase I inhibitor 
to be approved for second-line therapy in SCLC. Other 
studies and trials with these compounds indicate promis- 
ing results for therapy of SCLC and NSCLC. 



Farnesyl Transferase 

Inhibitors of the enzyme farnesyl protein transferase 
prevent a key step in the posttranslational processing of 
the Ras protein and were thus initially developed to inhib- 
it cell signaling in i?as~transformed cells. Due to the bio- 
logical effects of farnesyl transferase inhibitors (FTIs) on 
cancer cells, tumors without oncogenic Ras may also be 
targets for FTI therapy [ 1 9, 20]. The development of FTIs 
was based on the fact that proto-oncogenes, which cause 
overexpression or aberrant function of their encoded pro- 
tein, represent a target for novel therapeutic substances. 
The introduction into clinical practice of trastuzumab as a 
monoclonal antibody targeted against breast carcinomas 
overexpressing the growth factor receptor HER-2/neu 
provides the first validation of this approach [21]. 

There are three Ras proto-oncogenes (H-, N- and K- 
Ras) encoding a total of four 21-kD Proteins (H-Ras, N- 
Ras ; K-Ras 4A and K-Ras 4B) [22]. They transmit a vari- 
ety of extracellular signals from the cell surface, including 
growth factors, cytokines and hormones [23]. 

The farnesylation transferring a farnesyl isoprenoid 
group from farnesyl diphosphate and forming a thioether 
bond with the cysteine moiety in the C-terminal tetrapep- 
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tide sequence of the Ras protein is essential for the Ras 
protein to function in the signal transduction cascade 
[ 1 9]. Indeed, the elucidation of this process resulted in the 
first attempts of rational drug design based on the prepa- 
ration of peptidomimetic compounds simulating the C- 
terminal tetrapeptide sequence of Ras [24, 25]. New pro- 
drugs were found to inhibit the growth of more than 70% 
of tumor cell lines tested [26]. Moreover, as FTIs became 
a center of attention, new compounds were synthesized. 
Compounds which are active in the nanomolar range, i.e. 
FTIs based on the benzophenone core structure, are 
presently being tested [20]. 

Several FTIs have entered clinical development [19]. 
Tn the first phase II study of an FTI in breast cancer, 
patients were treated with Rl 1 5777 and it was shown [27] 
that inhibition of signal transduction by FTIs was thera- 
peutically effective [19]. Additionally, Rl 15777 was al- 
ready used in poor-risk acute leukemia patients [28] and 
in patients with advanced solid tumors with no standard 
therapy available [29]. The results suggest that the use of 
FTIs may have important clinical implications [30]. 

Telomerase 

Lavelle et al. [31] recently reviewed telomerase as a 
therapeutic target for the control of cell proliferation. It 
acts by interfering with ceil senescence. Telomerase might 
become a therapeutic target due to the correlation be- 
tween the level and frequency of telomerase expression 
and the malignant properties of tumors. This correlation 
has now been shown in established tumor cell lines and 
fresh tumor samples. Telomerase expression significantly 
differs between malignant and normal tissues. This differ- 
ence is more significant than the differences observed in 
enzymatic targets of chemotherapy such as thymidylate 
synthetase, dihydrofolate reductase and topoisomerases. 
Therefore, telomerase inhibitor might show a good selec- 
tivity for tumor cells with minimal toxicity for normal tis- 
sues. According to the paradigm currently proposed for 
telomeres and telomerases, it can be predicted that telo- 
merase inhibition will not affect a tumor until its telo- 
meres reach the critical size for entering senescence. This 
means that during antitelomerase therapy, the tumor cells 
will continue to grow and undergo 20-30 divisions until 
the telomeres reach a critical size leading to tumor senes- 
cence. 

This understanding might be important in patients 
with advanced tumors at the beginning of therapy. Ulti- 
mately, the definitive solution of this problem will come 



from elucidating the properties of telomerase inhibitors. 
Different strategies will be used for testing new telomerase 
inhibitors. These new agents, telomerase inhibitors, will 
include direct inhibitors of telomerase activity, sub- 
stances interfering with telomeres and compounds inter- 
acting with other proteins involved in the regulation of 
telomerase and telomeres [31]. 

The effects of a candidate telomerase inhibitor, pen- 
clomedine, in glioma cells have already been documented 
[32] in human malignant glioma cell lines. All of them 
were telomerase-positive and their telomerase activity 
was not modulated during cell cycle progression, did not 
correlate with p53 status or bcl-2 family protein expres- 
sion, and did not predict drug sensitivity, except for an 
association with resistance to carmustine. Additionally, 
ectopic bcl-2 expression did not enhance telomerase ac- 
tivity. Wild-type p53 reduced telomerase activity in cell 
lines retaining p53 activity but not in p53-mutant cell 
lines. Penclomedine killed glioma cells via an apoptotic, 
but bcl-2- and caspase-independent pathway. However, it 
did not inhibit telomerase and did not act synergistically 
with cytotoxic drugs. Consequently, it was concluded that 
telomerase activity does not account for the differential 
chemosensitivity of human glioma ceils and that pen- 
clomedine kills glioma cells via a telomerase-independem 
pathway [32]. 

Prolactin 

The mammary gland is the major target tissue of pro- 
lactin (PRL) in mammals. Although this pituitary hor- 
mone has been suspected to be involved in the progres- 
sion of human breast cancer, the failure of clinical im- 
provement by treatment with dopamine agonists (which 
lower circulating levels of PRL) rapidly reduced the inter- 
est of oncologists concerning a potential role of PRL in the 
development of breast cancer [33]. Over the last few 
years, however, several studies reported that mammary 
epithelial cells also synthesize PRL and that prolactin 
may have a proliferative activity in an autocrine/para- 
crine manner. These observations have led to a reconsid- 
eration of the role of PRL as a therapeutic target in breast 
cancer. 

In order to define new molecular targets, the PRL 
receptor signaling cascades known to be triggered by PRL 
in mammary epithelial cells were proposed as potential 
antitumor targets [33], suggesting that human PRL could 
also be a molecular target in the search for strategies in the 
treatment of breast cancer [34]. 
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Cell Surface Antigens 

Tumor toxins are recombinant polypeptides derived 
from the fusion of a single-chain antibody domain or a 
ligand specific for a cell surface receptor with the enzy- 
matic domain of a bacterial or plant toxin. If these recep- 
tors arc preferentially expressed on the surface of tumor 
cells, the tumor toxins can serve as efficient therapeutics. 
Examples in which growth factors, cytokines, hormones 
or antibody domains were fused to toxins have been 
described by Wick and Groner [35]. These bacterially 
expressed molecules have shown antitumor effects in 
vitro and in vivo. Since many tumors are not sensitive to 
existing tumor toxins, the search continues for new anti- 
gens with tumor-specific or tumor-enhanced expression. 
In a study by Wick and Groner [35] three antigenic struc- 
tures were explored for their possible use as targets for 
tumor toxins, i.e. (a) a glycosphingolipid with an Le(a) 
antigenic structure that is overexpressed in gastrointesti- 
nal carcinomas, e.g. colon carcinoma, (b) the epithelial 
glycoprotein episialin, which shows altered expression in 
various tumor tissues such as breast, ovary and pancreas, 
and (c) the neurotensin receptor that is found on NSLC, 
pancreatic and colonic cancer cells. For attaching the 
tumor toxin to the carbohydrate structures, recombinant 
single-chain antibody domains (scFv) fused to a truncated 
form of the exotoxin A (ETA) from Pseudomonas aerugi- 
nosa were constructed [35]. In the case of the neurotensin 
receptor, the ligand neurotensin was used to construct a 
recombinant fusion protein with exotoxin A. Binding 
experiments showed that the recombinant proteins were 
able to recognize their target structures, and in vitro cyto- 
toxicity assays with neurotensin-ETA showed specific an- 
titumor activity for receptor-positive tumor cell lines.- 
This work led to the conclusion that transmembrane 
spanning receptors are potential targets, which allow tox- 
in binding and promote tumor cell killing. 

Signal Transducers and Activators of 
Transcription 

Signal transducers and activators of transcription 
(STATs) are a family of cytoplasmic proteins with roles as 
signal messengers and transcription factors that partici- 
pate in normal cellular responses to cytokines and growth 
factors. Frequently, however, abnormal activity of certain 
STAT family members, particularly Stat3 and Stat5, is 
associated with human malignancies. It was shown that 
Stat3 has a causal role in oncogenesis and might be a tar- 
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get for cancer drugs and therapeutic intervention. Fur- f 
thermore, a const it utivcly active mutant (Stat3) induces \ 
transformation of cells, which form tumors in vivo. Acti- 1 
vation of Stat3 signaling is accompanied by upregulation 
of cyclin Dl , c-Myc, and Bcl-x. The blocking of constitu- 
tive Stat3 signaling results in growth inhibition and apop- 
tosis of Stat3-positive tumor cells in vitro and in vivo. The 
dependence of certain tumors on constitutive Stat3 sig- I 
naling for growth and survival has wide implications for : i 
cancer therapy. Therefore various strategies for targeting ") 
Stat3 signaling for therapeutic intervention are being con- f 
sidered [36]. However, at this moment, no synthetic \ 
STAT inhibitor is bei ng available for the use in therapy. | 
. As STAT proteins are transcription factors activated f 
by phosphorylation on tyrosine residues after cytokine J 
stimulation, their role in the functioning of various recep- \ 
tors and enzymatic cascades is being investigated. For | 
example, in erythropoietin receptor (EPOR)-mediated | 
signaling. STATS is tyrosine-phosphorylated by EPO I 
stimulation. Several studies [37-41] indicate that STAT I 
activation is caused by members of other families of pro- | 
tein tyrosine kinases such as the Src family. In a study by I 
Okutani et al. [37] reduction of Src by induction of anti- f 
sense Src RNA expression suppressed EPO-promoted : ! 
crythroid differentiation in K562 cells. In addition the I 
function of Src downstream of ihe EPOR-initiated signal- i 
ing was recently investigated, and it was found that reduc- j 
tion of Src diminished tyrosine phosphorylation of : 
STATS in K562 cells regardless of EPO treatment. Fur- : 
ther, the tyrosine phosphorylation level of STATS in- ■; 
duced by EPO in F-36P cells was reduced in the presence ; 
of PP1- or PP2-selectivc Src inhibitor. In addition, the I 
expression of dominant negative Src in F-36P cells re- ; 
duced the tyrosine phosphorylation of STAT5. When Src 
and STAT5 were coexpressed in COS7 cells, tyrosine 
phosphorylation of STATS was observed. Additionally, a i 
tyrosine residue of STAT5A was already identified as the { 
major phosphorylation site by Scr [37]. .; 

The STATs and their functions represent a complex ) 
issue. Recent studies have led to the identification of '■! 
numerous potential targets for cancer therapy, including J 
many proteins that normally function in signal transduc- { 
tion pathways downstream from hematopoietic growth ! 
factor receptors. Autophosphoryiation of tyrosine resi- 
dues attracts a variety of adapter proteins and other sig- 5 
naling proteins, leading to ceil growth, viability, and adhe- ; 
sion signals of malignant cells. If is now becoming possi- 
ble io link specific signaling pathways to biological abnor- 5 
malities, for example in CML cells [38]. In vivo studies of I 
certain lines of transgenic mice already suggest the impor- I 
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tance of STATs antiapoptotic effects. Clinically impor- 
tant benefits from the discovery of the contribution of 
STAT activation to oncogenesis include the development 
of new diagnostic and prognostic assays based on the 
molecular STAT profile of tumors [39-4 1]. Furthermore, 
as STAT activation has been shown to be required for 
oncogenic transformation, discovery and development of 
novel inhibitors of STAT signaling might promise new 
antitumor compounds. Therefore these studies may lead 
to the discovery of new therapeutic targets and specific 
therapeutic compounds. 

Other Enzymes Related to Protein 
Phosphorylation 

Many target molecules have been identified for possi- 
ble use in cancer therapy. These targets are typically com- 
ponents of supramolecular complexes such as transcrip- 
tion factors, nuclear pore proteins, or cytoskeletal compo- 
nents. For example, the enzymes responsible for O-linked 
N-acetylglucosamine (O-GlcNAc) addition and removal 
are highly conserved molecules. They play an important 
role in cell signaling. The OGlcNac transferase and O- 
GlcNAcase are likely to act in concert with kinases and 
phosphatases generating various isoforms of physiological 
substrates. These isoforms may differ in such properties 
as protein-protein interactions, protein stability, and en- 
zymatic activity. Altered O-GlcNAc metabolism may 
play a role in cancer [42] and may therefore be used for 
the purposes of cancer chemotherapy. 

Ribonucleotide Reductase 

m 

The enzyme ribonucleotide reductase is responsible for 
the formation of deoxynucleosidediphosphates from ribo- 
nucleotidediphosphates. It is a key enzyme of 'de novo' 
DNA synthesis. The enzyme activity of ribonucleotide 
reductase was shown by Elford et al. [43] and Takeda and 
Weber [44] to be significantly increased in a transforma- 
tion- and proliferation-linked manner [43, 44]. In an ani- 
mal model for tumors with different growth rates {Morris 
hepatoma) it was shown that malignant cells ha\je signifi- 
cantly higher enzyme activities than normal liver cells 
[43]. In addition, the enzyme activity significantly in- 
creased with the doubling times of various tumors. There- 
fore, the enzyme is considered to be an excellent target for 
cancer chemotherapy. 



A number of compounds were identified as inhibitors 
of ribonucleotide reductase. These compounds include 
hydroxyurea, a drug which is widely used in the treatment 
of hematological malignancies as well as other specific 
inhibitors of the enzyme. Newer compounds which inhib- 
it ribonclueotidc reductase axe poly hydroxy substitutes, 
benzohydroxamic acid derivatives, difluorodeoxycytid- 
ine (Gemcitabine), Fludarabine or thiosemicarbazones. 
Gemcitabine is being used to treat solid tumors and Flu- 
darabine is effective against hematological malignancies. 
Thiosemicarbazones are presently being studied and 
might be promising as new antitumor agents [45-48]. 

Over the past years our group investigated the effects 
of various polyhydroxy substitutes of benzohydroxamic 
acid derivatives [49-51]. These compounds effectively 
inhibit the growth of various tumor cell lines as well as in 
vivo tumors as single agents, and in combination with . 
other chemotherapeutic agents, such as adriamycin. They 
might be a promising additional option for the treatment 
of various malignancies [49-51]. 

The Use of Hypoxia-Seiective Cytotoxins 

Hypoxic tumor cells have shown high resistance 
against radiation therapy or chemotherapy and therefore 
represent an important target for cancer therapy [52-54]. 
Various compounds have been synthesized to specifically 
target this tumor cell population in order to avoid the 
emergence of hypoxic cancer cells from therapy. In partic- 
ular, solid tumor cells have the tendency to form hypoxic 
cells; these ceils may cause acceleration of malignant pro- 
gression and metastasis. Several compounds that are only 
activated to cytotoxic compounds in hypoxic cells have 
been synthesized. One of these compounds, tirapazaminc, 
is presently in phase III clinical studies for the treatment 
of hypoxic solid tumors [55, 56]. Tirapazamine is being 
metabolized to a transient oxidizing radical. Normal tis- 
sues can easily scavenge the radical and reform the parent 
compound. In the absence of oxygen, however, the com- 
pound causes DNA stand breaks and therefore was shown 
to be an effective anticancer drug. In anoxic cells in cul- 
ture, the compound proved to be approximately 100-fold 
more potent than under oxic conditions. In addition, the 
compound showed significant synergy with radiation 
therapy as well as in combination with other anticancer 
drugs such as cisplatin [57]. Therefore, this compound 
might have turned a problem, i.e. treatment of hypoxic 
tumor cells, into an advantage, especially since various 
solid tumors, such as lung cancer, that are extremely diffi- 
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